Understanding how different ecological and evolutionary processes influence the distribution of 21 pathogens within the environment is important from many perspectives, including for wildlife 22 epidemiology, evolutionary ecology and conservation. The simultaneous use of ecological and 23 evolutionary frameworks together can enhance our conceptual understanding of host-parasite 24 interactions, however such studies are rare in the wild. Using samples from 12 bird species caught 25 across all habitats existing on an oceanic island, we evaluated how environmental variables, parasites 26 host specificity, and parasite phylogenetic relationships determine the distribution and prevalence of 27 haemosporidians (Haemoproteus, Plasmodium and Leucocytozoon) in the wild living avifauna. 28
4 strain seems to be related to their host specificity and abundance, such as has been showed to occur 72 with forest birds of northwestern Africa and northwestern Iberian Peninsula (Mata et al., 2015) . 73 Finally, phylogenetic constraints will also affect prevalence if the degree of specialization of a parasite 74 lineage is phylogenetically dependent (e.g. Hellgren habitat where only three localities were sampled due to its smaller area (Fig. 1 ). All birds were 172 ringed with unique aluminium rings from the Spanish authority, and classified as juveniles or adults 173 based on feather moult pattern (post-juvenile moult was partial, whereas the post-breeding moult in8 adults was complete, authors unpublished data). Blood samples (c. 20-40 μl) were taken by brachial 175 venipuncture and stored at room temperature in 1.5 ml screw-capped vials filled with 1ml of 176 absolute ethanol and kept at room temperature. After sampling, individual birds were released in the 177 same place they were trapped. 178 179
Molecular procedures 180
DNA was extracted from blood using a modified salt method (Richardson et al., 2001 ). The molecular 181 technique described by Griffiths et al. (1998) their host specificities in other parts of their distributions to evaluate if generalist lineages globally 278 act in the same way on Tenerife. Here, we predict that generalist lineages will also be generalists on 279
Tenerife, therefore we expect to find a positive association between both indexes. Our final aim was 280 to understand how host-specificity may influence parasite prevalence or distribution patterns on 281
Tenerife. 282 283
Results 284

Richness and prevalence of parasites 285
A total of 1,188 individuals from 18 bird species from the five habitats in Tenerife were screened for 286 haemosporidian infection. The order Passeriformes, with 14 species and 99% of the individuals, was 287 the best sampled bird group in our analysis (Table 1) Considering only host species where six or more individuals (n = 13 species) were screened 303 (this resulted in 12 species included having > 14 individuals screened, which is considered an 304 acceptable sample size, see below), there was extensive heterogeneity between host species in 305 parasite prevalence, ranging from 0 -13.1% for Plasmodium and 0 -42.2% for Leucocytozoon. Of 306 the non-passerines, we found one sparrowhawk (Accipiter nisus), from two individuals sampled, 307 infected with Leucocytozoon (CIAE02). This lineage was previously found in other Accipitridae 308 species (Bensch et al., 2009). Because of the low number of infection found in some species (Table  309 1), only species with a sample size of at least 14 individuals (12 species) were used in the analysis of 310 the influence of environmental variables. Such a number of individuals analysed provides acceptable 311 levels of data for the statistical analyses, since only a sample size below 10 individuals could 312 compromise the accurate detection of prevalence (see Jovani and Tella, 2006 for a review on this 313 matter). The three avian species with the highest prevalence values for Plasmodium were the 314 Sardinian warbler (Sylvia melanocephala; 13.4%), the blackbird (Turdus merula; 13.1%) and the 315 common chaffinch; Fringilla coelebs (7.7%). The highest prevalences of Leucocytozoon, were in the 316 blue chaffinch (42.2%), the wild canary (26.5%), the Canarian blue tit (24.9%), and the Sardinian 317 warbler (18.5%) ( Table 1) . 318 319
Parasite distribution 320
Across all bird species (with  14 individuals) Plasmodium infection was highest in the low altitude 321 habitats of the coastal zone and in the thermophilous woodland (Fig. 2) . After assessing colinearity 322 between environmental predictors and relative importance of these in explaining the distribution of 323 parasites, the following six variables were analysed in multi-predictor GLMMs for both Plasmodium 324
and Leucocytozoon: MT_WARMQUART, DISPOUL, DISTWATER, DISTFARM, PRECIP and 325
HABITAT. Single-predictor GLMM analyses showed that MT_WARMQUAR was the best predictor 326 (positively correlated) of Plasmodium infection, whereas DISTPOUL was most strongly positively 327 correlated with Leucocytozoon infection (Table S1 ). In the multi-predictor models, the best model for 328 and a relative importance of 0.84), and all models with a ΔAIC < 2 contained this predictor (Table 2) . 330
All the other predictors had a relative importance below 0.48 (Table 2) . Regarding Leucocytozoon 331 infection, the best multi-predictor model was the one including all six predictors (with a model weight 332 of 0.25, Table 2 ). The most important predictor for models of Leucocytozoon after model averaging 333 was DISTPOUL with an odd ratio of 1.00 and a relative importance of 0.92, followed by 334 DISTWATER with an odd ratio of 1.00 and a relative importance of 0.88 and HABITAT (0.80). The 335 other three predictors had relative importance below 0.68 (Table 2) . 336 337
Phylogenetic relationships and host specificity 338
Two of the four Plasmodium lineages (LK06 and SYAT05) and seven of the nine Leucocytozoon 339 detected in passerine hosts (H157, H173, L_AFR161, CYACA01, REB11, RECOB3, and YMWD1) 340 are grouped within African lineages (from hosts either breeding or wintering across pre and sub-341 Saharan Africa) with high nodal support (Fig. 3, nodes A Table 1 and Fig. 3) . 347
Host specificity varied among the haemosporidian lineages found (Fig. 4) . Half of the lineages 348
were detected in only a single host species, while the remaining lineages appeared in two or more 349 species (Table 1) . Number of individuals infected was positively related to the number of host species 350 infected per haemosporidian lineage (R 2 = 0.78, P < 0.01), but there was no effect of parasite genus 351 (P > 0.77). Considering the data obtained from Tenerife the average standardised host range index 352 STD* for Plasmodium and Leucocytozoon was very similar: 3.18 and 3.20, respectively. The most 353 generalist lineages were LK06 (6.72) for Plasmodium and REB11 (8.5) for Leucocytozoon (Fig. 4) . 354
Other lineages with high values of STD* were the lineages H157, H173 and L_AFR161, which acted 355 as generalists on Tenerife, but mainly infected endemic taxa (Fig. 4 (global STD* = 49) or SYAT05 (global STD* = 13.1), were only found in two and one bird species, 358 respectively in Tenerife (Fig. 4) . Indeed, we did not find a significant relationship between local 359 (Tenerife) versus global values of STD* (r = -0.39, P = 0.19). 360 361
Discussion 362
The results from our study investigating the distribution of avian haemosporidian blood parasites on 363
Tenerife show that infection prevalence differed between parasite genera (Haemoproteus, 364
Plasmodium, and Leucocytozoon) and habitats, with a distribution primarily dependent on climatic 365 and anthropogenic factors. The highest Plasmodium prevalence was found in the lowest and warmest 366 Plasmodium development, thus explaining the low prevalence of parasites in those habitats (Fig. 2) . 376
The best model explaining the distribution of Plasmodium infection contained 377 MT_WARMQUAR, but other equally well-supported models (ΔAIC < 2) included the distance to a 378 poultry farm (DISTPOUL) and the distance to water reservoirs (DISTWATER). Thermophilous forests and the lowest in the Laurel forest (Fig. 2) , which may suggests some kind of 400 habitat specialisation related with the woodland type, which could be explained by constraints in the 401 life cycles of the parasites or their vectors (Pérez-Rodríguez et al., 2013a). 402
The parasite lineages that showed the highest prevalence were those with the widest host 403 distributions; i.e. those appearing in three or more species and more than one family (Table 1, Fig.  404 S1). These findings contrast with the 'trade-off' theory that predicts a higher prevalence of specialist 405 than generalist parasites (Futuyma and Moreno, 1988; Garamszegi, 2006) . However, these results do 406 support the alternative 'Niche breadth' hypothesis (Brown, 1984), which suggests that those parasite 407 lineages capable of infecting multiple hosts will be more abundant and, consequently, expand their 408 range distribution further than host-specific parasites (Drovetski et al., 2014). Remarkably, we did 409 not find a significant association between local (Tenerife) and global (elsewhere) standardised host 410 range indexes, which suggests that generalist lineages recorded around the world do not behave in 411 the same way on Tenerife (i.e. they infected less avian hosts than was expected). We acknowledge 412 that the absence of such an association could be biased on the limited number of species (n = 12) 413 screened on Tenerife, and further studies including more species could, potentially, lead to different 414 results. However, the species studied on Tenerife are the most common and abundant in Tenerife 415 (Martín and Lorenzo, 2001 ) and represent the majority (12 out of 15) of the common resident 416 passerines on the island we feel confident about the validity of the pattern found on Tenerife. 417
Our results on prevalence and specificity could be explained by host adaptations to the island 418 environments (i.e. island syndromes) such as density compensation phenomenon (Cody, 1985) , and Overall, our findings represent an advance in our understanding of mechanisms involved in 499 the parasite distribution at the community level within an oceanic ecosystem, and provide a set of 500 predictors to be evaluated in other oceanic islands. Importantly, our study provides evidence that 501 anthropogenic factors play a large role in shaping the assemblage of haemosporidian parasites on 502
Tenerife, and suggests it may be wise to monitor infection prevalence in and around the poultry farms 503 and bodies of standing water. In addition, long-term monitoring studies of individually marked birds 504 are also needed to understand the effects of chronic infection on host fitness and survival, along with 505 dipteran (vector) habitat surveys to understand the factors determining presence and persistence of 506 blood parasites at local scales. 
